Abstract-This paper presents a study on the effect of beating on the physical and mechanical properties of untreated kenaf based insulation paper for application in transformers. The paper was developed based on kenaf bast fibers through soda pulping process. The pulps were subjected to beating process up to 9000 revolutions where the thickness, density and tensile index of paper were measured. It is found that the tensile index and the density of the paper increases while the thickness of the paper decreases with beating revolutions.
INTRODUCTION
Wood based insulation papers have been used in transformers for decades due to its reliability, cost effective and possess sufficient thermal, mechanical and electrical characteristics [1] . Nowadays, a number of studies have been conducted to develop a non-wood based insulation papers [2, 3] . One of the non-wood sources that have been considered is kenaf.
Kenaf has been widely used for engineered wood, building insulation, animal bedding, packaging material, rope, pulping and papermaking. [4] . A kenaf plant consists of 2 types of fibers which are the core and bast fibers. Core and bast fibers have the short and long fibers respectively [5, 6] . Insulation papers normally require long fibers in order to obtain high mechanical strength to withstand any mechanical movements in transformers [7] .
The characteristics of insulation papers are normally determined by the properties of fibers chemical compositions/length and cell wall thickness [9] . Long fibers have high mechanical strength as compared to short fibers [5] .
Depending on the age, locations and species of kenaf plants, the lengths of bast fibers can be in the range between 2.32 mm and 2.62 mm [6] . Previous study has shown that kenaf bast fibers have similar tensile strength and higher tear strength than wood fibers [6] . Fiber modifications are normally required in order to further improve its properties. Beating helps to improve the physical and mechanical properties of papers through modification of fiber properties. This paper presents the development of untreated insulation paper based on kenaf bast fibers for transformers application. The kenaf pulps are prepared by soda pulping process and subjected to beating process up to 9000 revolutions where the physical and mechanical properties of the paper are examined.
II. EXPERIMENTAL SETUP

A. Raw Material
Kenaf bast fibers were collected from the local producers. The first process was to separate and clean the fiber threads. Next, the fiber threads were cut into 10 cm in length as shown in Figure 1 . A total of 1 kg of Oven Dried (OD) fibers were prepared for the pulping process. 
B. Pulping Procedures
The kenaf fibers were processed by soda pulping method with rotary digester. Table 1 shows the pulping conditions of the study. Next, the softened kenaf pulps from the rotary digester were processed by the hydropulper that used water to remove the remaining black liquor. Next, the kenaf pulps undergo screening process through slot size of 0.15 mm by PTI Summerville Fractionators according to TAPPI T275 [8] . The moisture content of the kenaf pulps was reduced further through centrifugal separator. Next, the kenaf pulps were dispersed by Hobart Mixer A200 and the yield percentage was determined using Equation 1.
C. Beating Process NORAM PFI mill machine was used to beat the screened pulp according to TAPPI T248. In this study, three different beating revolutions were chosen which were 3000, 6000 and 9000 [12] . Unbeaten pulp was used as the control pulp.
D. Preparation of Handsheets
The OD handsheets were prepared at grammage of 60 g/m2 based on TAPPI T205 [13] . In total, 24 g (OD) pulp was diluted with 2000 ml of distilled water at room temperature where it was disintegrated in the standard disintegrator at 3000 rpm and 50,000 revolutions to disperse the fiber bundles. Next, the stock was added to stock divider with 8 liters of water. The stock was stirred and around 400 ml of stock was poured into the handsheet machine which was half filled with water as shown in Figure 3 . Water was further added until 350 mm above the forming wire. Finally, water was drained out of the machine where cellulose fibers were left to form the handsheets by couching, pressing and drying. 
E. Physical Properties of Paper
The thickness of the paper was measured by L&W Micrometer according to TAPPI T411 as shown in Figure 3 [16] . The grammage of the paper was calculated based on TAPPI T410 [15] . The apparent density of paper was measured based on Equation 2 [26] = 
F. Mechanical Properties of Paper
The tensile strength of the paper was measured by Buchel B.V. Horizontal tensile strength tester according to TAPPI T494 [17] .
The width and length of the strips used to determine for the tensile strength measurement were 15 mm and 100 mm respectively. The Tensile Index (TI) was determined based on Equation 3.
Bursting strength, tearing strength and folding endurance of paper were measured according to TAPPI T403, TAPPI T414 and TAPPI T511 respectively [21, 22, 23] .
III. RESULTS AND ANALYSIS
A. Pulp Characteristics
In total, 59.17% of the kenaf pulps yield is obtained through the soda pulping process. The pulp yield is higher which indicates a good pulping process [27] . Screened kenaf pulps are shown in Figure 6 . 
B. Physical and Mechanical Properties of Kenaf Paper
The basic physical and mechanical properties of the standard kenaf handsheets are listed in Table 2 C. Effect of Beating on Physical Properties of Paper Figure 8 shows that density of paper increases and thickness decreases as the beating increases. After 9000 revolutions of beating, the thickness decreases from 176 um to 93.95 um. As the thickness decreases, it leads to the increment of density. This phenomenon occurs due to the fact that beating leads to the increment of fiber flexibility and surface area [20] . The flexible fibers have high tendency to bond with each other that lead to the increment on the fiber joints. The increment of the fiber joints lead to the increment of the paper density and decrement of paper thickness [24] . Generally, the conventional insulation papers have thickness in the range between 70 um to 100 um and density between 75 and 90 g/cm3. In this study, the density is still low as compared to conventional insulation papers. Therefore, further investigation will be carried out in the future in order to improve the properties either through increment of beating revolutions or chemical treatments 
D. Effect of Beating on Tensile Index of Paper
The tensile index of the kenaf paper increases as the beating increases as shown in Figure 9 . The increment rate of tensile index is high for beating revolutions of 3000. The rate of increment for tensile index decreases as the beating revolutions increase to 9000. The tensile index after 9000 beating revolutions is 67.58 Nm/g. It is known that beating leads to the increment of the fiber flexibility and fiber-fiber bonding. The increment of these parameters leads to the increment of the tensile index [24] . The tensile index of the kenaf paper can be further improved through chemical treatments which will be considered in the future study. The pulping conditions shows that high yield of kenaf pulp can be obtained. Through beating, the thickness of the kenaf paper can be decreased. Concurrently, the density and tensile index of the paper increase as the beating revolution increases. Further study will be carried out in the future through chemical treatments in order to improve the physical and mechanical properties of the kenaf papers for application in transformers.
